Imaging of calcineurin activated by long-term depression-inducing synaptic inputs in living neurons of rat visual cortex.
Long-term depression (LTD) of synaptic transmission is induced by low-frequency stimulation (LFS) of afferents lasting for a long time, typically for 10-15 min, in neocortical and hippocampal slices. It is suggested that calcineurin, Ca2+/calmodulin-dependent protein phosphatase, plays a role in the induction of LTD, based on the results that pharmacological or genetic manipulation of calcineurin activity interfered in its induction. However, questions as to why it takes so long to induce LTD and in which compartment of neurons calcineurin is activated remain unanswered. With a fluorescent indicator for calcineurin activity, we visualized the spatiotemporal pattern of its activation in living neurons in layer II/III of visual cortical slices of rats during the LFS of layer IV that induced LTD of synaptic responses. During LFS, the fluorescence intensity gradually increased with a latency of a few minutes in dendrites and soma of neurons, and remained increased during the whole observation period (10-25 min) after LFS. The onset latency of the increase in the soma was slower than that in the distal dendritic region. The LFS-induced rise in fluorescence was not observed in neurons which were loaded with inhibitors of calcineurin, indicating that the intensity of fluorescence reflects calcineurin activity. Control stimulation at 0.05 Hz and theta-burst stimulation did not significantly change the intensity of fluorescence. Only LFS-type inputs effectively activate calcineurin in postsynaptic neurons in an augmenting manner, and such a time-consuming activation of calcineurin may be a reason why long-lasting LFS is necessary for the induction of LTD.